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Abstract:

The optical photometric and spectroscopic investigations of the massive and merging
galaxy cluster Abell 2319 (A2319) are presented here. RTT150 telescope of TUBITAK,
Antalya, Tiirkiye used CCD imaging and spectroscopic observations. In this paper, 110
galaxies were determined in A2319 and defined as the magnitudes of the Bessel B and R
filters in each cluster member galaxy. Spectral observations were done of the brightest
cluster galaxy (BCG) and six additional brilliant galaxies. We estimated the Luminosity
Function (LF) of galaxies for each filter. The resulting LF of cluster galaxies for each
filter is well-fitted by the Double Schechter function. The best-fit parameter values
derived as the characteristic absolute magnitudes are -21.08 + 0.03, and -20.84 + 0.01, -
21.43 £ 0.02, and -20.54 + 0.02, and the slopes at the faint end of the LF were -1.34 +

0.04 and -1.12 + 0.03, -1.47 £ 0.05 and -1.18 + 0.03 for B and R filters, respectively.

1. Introduction

Galaxy clusters are the universe's largest known
structures and are made up of more than 50 galaxies,
hot ionized gas in hydrostatic balance that fills the
inner cluster environment, and dark matter. Because
of their size and dynamic structure, they are the
structures that best depict the universe. Detailed
optical wavelength analyses of galaxy clusters allow
for the analysis of galaxy content and distribution in
the clusters [1, 2, 3]. The Luminosity function (LF)
provides the number of galaxies in a given volume
that have a specified luminosity. Galaxies' LFs are a
valuable tool for testing theories of galaxy formation
and evolution [4]. The first study on LF was
conducted by [5, 6]. Schechter [5, 6] provided a
mathematical equation for LF that is consistent with
the findings in this investigation. Bond et al. [7]
revitalized and expanded on Schechter [5][6]
function and theory. The following is the Schechter
function:

o(M)dM) =
®*100.4—(M*—M)(1+a) exp[—100'4(M*_M)]dM (1)

Here, ¢ (M) d(M) the number density of galaxies
with dM, ¢* is the normalization, o is the faint-end
slope and M+ is the characteristic absolute
magnitude.

Faint galaxy mergers in clusters affect LFs in
galaxies. These effects are investigated using LFs.
Some galaxy clusters have LF dips and increases [8].
In galaxies optical spectra, emission line intensity
ratios can differentiate between various nebular gas
ionization mechanisms, including shocks, AGN, and
H 11 regions [9, 10]. Whereas [Ol11] is dependent on
the ionization parameter and gas-phase metallicity,
Hp is mainly influenced by ionizing radiation. The
diagnostic lines that trace the characteristics of gas
in star-forming regions are the recombination line
HB and the optical emission line doublet [OIII]
A4959, 5007 A. Whereas [O 111] is dependent on the
ionization parameter and gas phase metallicity, Hf3
is mainly influenced by ionizing radiation.

These two diagnostics, together with additional
lines, can be used to assess the hardness, ionization
parameter, metallicity, and electron temperature of
the radiation field in the interstellar medium (ISM)
of a star-forming galaxy [11]. In the Baldwin-
Phillips Terlevich (BPT) diagram [9], [O III]/HB is
used in conjunction with [N II]/Ha to discriminate
between galaxies powered by active galactic nuclei
(AGNSs) that inhabit a specific region of BPT
parameter space characterized by elevated emission
line ratios, and starforming galaxies that lie along the
H 11 abundance sequence. The metallicity, ionizing
radiation field, and ISM conditions of star-forming
galaxies determine their precise location on the HII
sequence [12].
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A2319 has been extensively studied in the optical,
radio, and X-ray bands in the past decades. Optical
analyses of the bright galaxies in A2319 [e.g., 13, 14,
15] suggested that it consists of two separate
components superimposed along the line of sight: a
sub-cluster around the second brightest galaxy, at
about 10 northwest (NW) of the main concentration.
The brightest cluster galaxy (BCG), is CGCG 230-
007. Dynamical studies in the optical band [see e.g.
14 and references therein] have shown that the
cluster is composed of two main clumps: the main
cluster and a sub-cluster localized some 10 arcmin;
northwest of the cD galaxy and behind the main
cluster. At radio wavelengths, A2319 is permeated
by a radio halo [16], approximately oriented in the
northeast-southwest direction. Asymmetric X-ray
emission and a powerful cluster-scale radio halo
indicate that A2319 is a merging cluster of galaxies
[17]. The fundamental physical properties of A2319
are given in Table 1.

Table 1. General properties of A2319.

Parameters | Value References
Classified BM type II-111 [18]
Richness 1 [19]

Type RS-type cD [20]

RA(J2000) | 19" 20™ 45°.30 [21]

Dec(J2000) 43057/ 43" [21]
Redshift 0.0559 [22]

Here, we present a thorough examination of optical
CCD imaging and spectroscopic data related to the
massive nearby cluster A2319 (z = 0.0559). Section
2 provides a description of the optical observations
and data reduction. In Section 3, we present our
results and discussion, while our main conclusions
are given in Section 4.

2. Material and Methods
2.1. Optical Imaging Data Analysis

The observations are performed with the Russian
Turkish 1.5-m Telescope (RTT150). The seeing
conditions were consistent throughout the whole
observations within a range of 1.8 arcsec. The
RTT150 has a Ritchey-Chretien optical system
functioning together with Cassegrain and Coude
focal systems. We used a TUG Faint Object
Spectrograph and Camera (TFOSC), with the f/7.7
focal ratio Cassegrain low-resolution faint object
spectrograph  and camera throughout our
observations. In our imaging observations, we used
a CCD camera consisting of 2048 x 2048 pixels,
each measuring 15 um x 15 um, covering a 13 x 13
arcmin field of view (FoV). Because of its angular
size, A2319 was divided into 16 regions, and each
region was inspected separately. Our imaging
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observations were completed by using Bessel B and
R band filters. The log of imaging observations is
given in Table 2.

Table 2. Log of Imaging Observations

Date Exposure | Filter | FWHM | Acent

(s) (nm) | (nm)

2015 Sep 11 300x3 Bessel V 100 519
2015 Sep 12 300x3 Bessel R 128 600

An Image Reduction and Analysis Facility (IRAF)
was used to process the raw data and reduce it.
Standard procedures were used for data reduction,
including bias corrections, over-scan at the field, and
cosmic ray exclusion using the IRAF CCDPROC
package. The positions of red stars from the USNO
A2.0 catalogue Monet et al. [23] were used to
examine the source's locations. The instrumental
magnitudes of all cluster member galaxies were
determined using the Point Spread Function (PSF)
method. Our photometry is calibrated to the VEGA-
MAG system. The mosaic image was created by
combining optical images from 16 different images.
Figure 1 presents optical mosaic image of A2319 in
Bessel R filter.
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Figure 1. Integrated (total) optical RTT150 image of
A2319 in the Bessel R filter. The brightest member of the
cluster CGCG+07-40-004 and six galaxies whose
spectra were taken are shown with circles. All other
galaxies that are members of the cluster are shown with
red circles in the figure.

For cluster member galaxies, LFs were obtained in
the B and R filters. As a function of the absolute B
and R magnitudes, the resulting LFs were computed
in bins of 0.5 mags. The LFs obtained in this
investigation did not suit a single Schechter function
well. This is characterized by a dip or plateau about
-22.53 mag for B and -22.47 mag for R, followed by
an increase. As a result, a double Schechter function
represents both LFs. They are shown in Figure 2.
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Table 3 includes the best-fit Schechter parameter as
well as the 2.
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Figure 2. LF of A2319 in the R (left) and B (right)
bands. The Double Schechter function is shown by a
continuous red line. The blue dashed line and blue
continuous line depict the individual components of the
double Schechter fit.

Table 3. The best-fit parameters of Luminosity Function
for A2319 in the B and R Bands

Filter | M~ o x
B -21.8+0.03 | -1.34+0.04 | 0.78
-20.84+0.01 | -1.12+0.03
R -21.43+0.02 | -1.47+0.05 | 0.82
-20.54+0.02 | -1.18+0.03

2.2. Optical Spectral Data Analysis

On August 12, 2015, we conducted our spectrum
measurements using the RTT150 Cassegrain-
TFOSC/CCD. Using the grism G15, spectral data
were obtained in the 13230-9120 A range. Using a
notional dispersion of about 8 A pixel?, the grism
G15 was employed. A total of seven distinct regions'
spectra have been examined. The slit width we used
during our spectral observations was 1.78 arcsec
(100 pum). The Longslit context package of IRAF is
used for spectrum reduction and analysis. The
exposure time for each spectrums is 900 s. For the
flux calibration, we have observed the standard star
(HR 8634) as our spectrophotometric standard as
suggested by [24, 25]. For every observation, Fe-Ar
calibration lamp frames with a slit width of 100
microns were acquired. The spectrum of CGCG 230-
007 is given in Figure 3 and the spectra of the other
6 point galaxies are given in Figure 4 in the A 4000-
7000 A range. We list the flux with 1 o errors, BCG
and the 6 point-like sources (galaxies) spectrum
emission lines, their fluxes and 1o error for the
observed spectral lines in Table 4.
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Figure 3. CGCG 230-007 (BCG of the cluster) spectrum
in the range of 1 4000-7000 A. Its Balmer Ho. A6563 A, Hp
14861 A, Hy 24341 A, forbidden lines [Ol11] 1 4363, 5007
A, [FeXIV] 15303 4, [O1] 16300 A, [FeX] 16374 A and
[NI] A2 6548, 6584 A are shown.
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Figure 4. Spectra of 6 point sources (galaxies) in A 4000-
7000 A range. Their Ho 16563 A, Hf 14861 A, Hy 14341
A, forbidden lines [OI] A 5007 4 , and [NII] /. ) 6548,
6584 A are shown.

3. Results and Discussions

We report on our spectroscopic and optical imaging
observations of a nearby galaxy cluster with a
previously detected radio halo that roughly follows
the X-ray-emitting gas A2319.

3.1. Imaging

We used the Bessel B and R filters in optical
imaging.

Table 4. BCG (CGCG 230-007) and the 6 point-like sources (galaxies) spectrum emission lines and their fluxes with 1
o errors.
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Flux x 107 (erg s* cm )
Lines (A) BCG ID1 1D2 1D3 1D4 1D5 1D6
Hy A 4340 16.41+£2.32 2.75+1.32 1.154+0.02 8.81+3.73 2.80+0.03 6.36+0.08 4.64+0.09
[O111] A4363 36.13+2.30 - - - - - _
HpB A 4861 17.98+2.40 - 2.7+0.01 9.53+3.74 5.56:+0.04 12.51+0.07 7.33+£0.11
[Ol11] A 5007 61.50+2.24 8.41+1.37 2.57+0.01 15.05+3.73 9.38+0.05 4.01+0.07 8.67+0.10
[FeXIV]A 5303 | 30.71%235 - ; N 5 - -
[O1]A 6300 74.68+2.44
[FeX] A 6374 41.82+2.45
[NII] A 6584 49.67+2.52 - - - B _ -
Ha A 6563 78.33+2.30 23.75+1.33 23.02+0.03 31.14+3.12 27.11+0.04 33.42+0.06 25.43+0.08
[NII] A 6584 30.53+2.45 - 4.98+0.02 6.83+4.72 9.28+0.03 8.97+0.07 7.88+0.09

The optical images obtained for each filter were used
for determining the magnitude, and redshifts were
utilized to calculate the absolute magnitudes. Figure
2 shows LFs, which are the absolute magnitude
distributions of galaxies in the B and R filters,
independently for each filter. In LFs, there is a large
decrease followed by a rise in the B filter at M = -
22.53 magnitude and M = -22.47 magnitude in the R
filter. 1t seems that the observed cluster's richness
influences how much LF decreases.

LFs are not well represented by a single monotonic
Schechter function but show a *dip’ or ’plateau’ at
intermediate luminosities, followed by a power-law
rise at lower luminosities. According to Phillipps &
Driver [26] and Popesso et al. [27], these might be
best-fit by a double Schechter function or a single
Schechter function with a power law. This
demonstrated that LF exhibited bimodal behaviour
and that a two-component function was better
appropriate for defining it. As a result, the
distribution was expressed using the double
Schechter function. For each filter, the most
appropriate parameters of the double Schechter
function, which was determined as a two-mode
function, were found. The chi-square indicates that
the Double Schechter is a better fit to the LF. The y2
values, which indicate a likelihood of less than 0.90,
were considered acceptable. The method was
repeated until the best 2 was produced, resulting in
the best Double Schechter parameters. The typical
absolute magnitudes of -21.08 £ 0.03, -20.84 = 0.01,
-21.43 £ 0.02, and -20.54 + 0.02, are the best-fit
parameter values that were calculated. The filters
with B and R had slopes at the faint end of the LF of
-1.34+0.04 and -1.12+0.03,-1.47+0.05,and -1.18
+ 0.03, respectively.

3.2. Spectroscopic

We obtained spectra of BCG and six galaxies in
A2319. The BCG showed Balmer Ha 16563 A, HB
24861 A, Hy A4341 A and forbidden emission lines
([OIII] A A 4363, 5007 A, [FeXIV] A 5303 A, [OI] A
6300 A, [FeX] A 6374 A, and [NII] A A 6548, 6584
A) in its spectrum. The remaining six galaxies are

Ha 16563 A, Hp 14861 A, Hg 24341 A, as well as
the forbidden lines [OIII] A 5007 A and [NII] AL
6548, 6584 A.

Some of the most luminous AGN kinds are Seyfert
1. Their non-stellar continuum and strong, broad
permitted emission lines make them identifiable.
Our obtained spectra imply that Seyfert 1 is one of
these seven galaxies. The peculiar emission lines and
spectra of these galaxies point to a galaxy of the
Seyfert 1 type. [OIII]5007/HB > 3 is the secondary
classification criterion [28]. This ratio is 3.59 for
BCG.

The optical spectrum also shows rather strong
‘coronal’ lines such as [FeX] A6375 and [FeXIV] A
5303. We show that these lines could come from the
warm absorber's outer regions, but stronger collision
strength calculations for these transitions are needed
to resolve this issue completely.

4. Conclusions

i. The LFs in both filters showed a significant
decline, then a rise. Therefore, A2319 can be
considered a Rich galaxy cluster.

ii. The best-fit parameters for LFs for both filters
as determined by Double Schechter: -21.08 +
0.03,-20.84 £0.01, -21.43 £ 0.02, and -20.54 +
0.02.

iii. Using Double Schechter, the tide end slopes for
both filters were determined to be -1.34 + 0.04
and -1.12+0.03, -1.47 £ 0.05 and -1.18 £ 0.03.

iv. The unique emission lines and matching ratios
detected in all seven spectra demonstrate
Seyfert 1 galaxies.
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